In the present paper, a fog computing framework for smart urban transport is developed. The proposed framework is adapted to the smart city concept. It uses a collaborative multitude of end-user clients to carry out a substantial amount of communication and computation. It can be adapted for specific situations of smart cities in Romania, such as: Cluj-Napoca, Timișoara, Iași or Bucharest. Economic and social implications as well as available European funding sources are presented.
Introduction
In the vision of European Commission, a "smart city is a place where traditional services and networks are more efficient by using digital technologies for the benefit of its inhabitants and business. A smart city means the use of ICT for an efficient resources use and less emission, smart urban transport networks, upgraded water supply and waste disposal facilities and more efficient ways to light and heat buildings, as well as an interactive and responsive city administration, safer public spaces and meeting the needs of an ageing population". (https://europa.eu). In the implementation of the smart cities concept, the European Union developed a large process of smart cities concept implementation. Considering that societal change, globalisation and Informational and Communication Technologies (ICT) affects growth, the Europe 2020 Strategy launched in 2010, established three priorities for growth and seven flagship initiatives: smart growth (effective investments in education, innovation, ICT and research) with Innovation Union, Digital Agenda for Europe and Youth on the move as flagships; sustainable growth (low-carbon economy) with Resources Efficient Europe, an Industrial Policy for the Globalisation Era as flagship initiatives and inclusive growth (creating jobs and reducing poverty) with an Agenda for New Skills and Jobs and European Platform Against Poverty as flagship initiatives (European Commission, 2010).
communicating data using wireless network and analyses data to understand what intervention is needed (Smart Cities Council, 2013). The mechanisms through which smart city policies can foster urban innovation and economic performance were investigated in several studies (i.e.Caragliu and Del Bo, 2018a).
Fog computing: key concepts and use
Network is the basic component of smart living environments where smart objects and processors, sensors, controlles and inter-connectors are used to monitor, control and communicate in the network,.In a smart environment (e.g., smart city, smart home), cloud computing allows the coordination and collaboration among smart objects. The recent fog computing paradigm further enables real-time interaction and location-based services. Fog Computing was first introduced by Cisco in 2012, to describe a compute, storage and network framework for supporting Internet of Things (Iot) applications. The term highlights that computing resources are close to the ground (that is, proximate to the data sources), in contrast to cloud computing, where computing resources are centralized and remote. The main characteristic of fog computing is its ability to support applications requiring low latency, location awareness and mobility, due to the fact that it is deployed very close to the end users in a widely distributed manner. Fog computing has the potential to be applied in: health care, augmented reality, brain machine interface and gaming, smart environments, vehicular fog computing, smart energy grid, Internet of Things (IoT), urgent computing and other applications (Pengfei et al., 2017 
Framework proposal for a smart transportation network
A common fog framework architecture or ecosystem consists of three prime layers:
 Layer 1: contains data generated by end user devices and IoT devices;  Layer 2: contains monitoring and control logic, aggregated in fog clusters and fog nodes: switches, access points, gateways, routers, PCs, smartphones, etc.;  Layer 3: contains Cloud Computing services used for storing and analyzing the data and usually employs services such as: Software as a Service (SaaS), Platform as a Service (PaaS), Infrastructure as a Service (IaaS), Anything as a Service (XaaS). Regarding the deployment method, the services are delivered as private, public, hybrid and community. Besides the framework architecture, there are other elements that need to be considered:
 Big data: represented by data sensitive to characteristics and/or dimension requirements: velocity, volume, variety, veracity, valence and value;  Analytics models: diagnostic, descriptive, preventive, prescriptive and autonomous requirements;  Other elements: governance, regulatory, legal, compliance, policies, strategies and tactics requirements; design, deployment, execution, control, maintenance and management of fog framework elements. In the context of smart cities and urban transport management, a fog framework implementation is feasible and nonetheless, achievable. A fog framework can sustain such types of networks in smart cities due to its characteristics and architecture. However, when designing such a framework, one must take into consideration the design requirements and constraints, such as: Who are the end users and what IoT devices are connected? How many fog clusters are needed and what types of components do the fog nodes contain? What kind of Cloud Computing services is needed? The deployment methods are strictly public or based on communities? Considering the above, we propose a fog-based framework that can be employed in smart cities, to sustain them and to manage the urban transportation network. The ecosystem of the fog framework is as follows:
 Layer 1 -data producers o Every end user connected to the framework that uses its services and generates data. o Responsible for storing and analyzing the entire data generated by Layer 2. o Based on the data analysis, it computes: optimal routes/navigation through the city based on history, energy efficient scheduling and travel assistance based on weather and energy sensors history, unsafe zones/areas based on history from surveillance systems and police reports, traffic reduction and travel scheduling based on traffic reports history. o All types of services are required: SaaS, PaaS, IaaS, XaaS; while the needed deployment methods are the following: public (for everyone), community (for urban transportation drivers, specific components/waypoints), private (local authorities, police, firemen, hospitals). The big data for the proposed framework is collected from the data producers (Layer 1 of the architecture) and from the monitoring and control logic (Layer 2), hence it can be divided into data coming from sensors and commands and control signals and notifications. Furthermore, the data can be further divided into categories such as: sensitive biometric data, vehicle data, traffic signs data, weather data, energy data, surveillance data, road safety data, alarms, events, general information, notifications etc. 
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Based on the characteristics defined in the beginning of this section, the data stored in the proposed framework has the following features:
 large volume due to the high number of devices connected;  variety is also high, as explained above;  the data velocity is related to each type of data (e.g. weather data is collected slower than data acquired from surveillance systems, while commands or notifications must be sent as fast as possible, they are critical);  veracity is related to the quality of data and reliable data can be obtained by using redundancy of components and by using secure communication (e.g. identity-based network, end-to-end encryption, SSL/TLS, public/private key, etc.);  valence is also high, the data collected is highly interconnected;  value is medium, some data might have high monetary value, such as biometric data. Essential for a big data system to work in a fog framework is to classify each type of data or information collected and stored in the Cloud. Moreover, appropriate connections or relationships between categories or types of data must be defined before collecting or storing data. For example, road safety and travel assistance are related to weather conditions, traffic congestion, roadworks and/or road accidents, and they produce information and notifications for traffic signs LCD/LED displays, vehicles navigation displays, etc.
All the analytics models enumerated earlier can be employed more or less in the proposed framework. These models are described, explained and discussed below, based on the relevance to our proposed framework.
 Descriptive analytics use data aggregation and data mining to provide insight into the past, basically to answer "What has happened?". In other words, it used to summarize raw data and make it readable by humans. It is useful because they allow to learn from past behaviors and events, and to understand how they influenced future outcomes. Applied to our proposed framework, this model can be used to understand the collected data, to create statistics and to be used in future actions. For example, by analyzing past traffic congestion at specific time and date intervals, traffic reduction and scheduling, as well as traffic assistance can be provided to the end users in the future.  Predictive analytics has the ability to predict what might happen and it uses statistical models and forecasts techniques to understand the future ("What could happen?"). While understanding the future is difficult due to 75 a large variety of factors, predictive analytics provide estimates about the likelihood of a future outcome, but keep in mind that no statistical algorithm can predict the future with 100% certainty. This model uses the collected/historical data to identify patterns and fill in the missing data with best guesses, based on statistical models and algorithms that capture relationships between various data sets. This analytic model can be used in our proposed framework because data interconnection is high in the collected data and, due to the large amount of information, pattern identification is also easy to achieve. With respect to our proposed framework, an example would be identifying patterns in traffic congestion in combination with weather forecasts, a specialized algorithm can predict future traffic based on time, date and weather.  Prescriptive analytics is a relatively new field and more complex than the previous two. In short, the model uses optimization and simulation algorithms to advise on possible outcomes. It can predict multiple futures and allows to assess a number of possible outcomes based upon the previous actions. Prescriptive analytics use a combination of techniques such as: machine learning, computational modelling procedures, optimization and simulation algorithms. The input to this type of model is historical data, real-time data feeds and big data. While relatively complex to employ, this model can have a large impact on decision making, urban transportation optimization and scheduling in our proposed framework.  Diagnostic analytics is focused on why something happened; it examines the data with techniques such as drill-down, data discovery, data mining and correlations. This model is centered on the processes and causes and can prove to be useful in smart city transportation network. For example, based on past data, by increasing the green time at specific traffic lights when a traffic jam occurs, it creates traffic reduction.  Preventive analytics is triggered by time, events or meter events and it can be associated with scheduled maintenance. This model can be employed in fog framework with respect to the IoT devices and fog nodes in the smart city. In other words, having the fog components regularly checked can provide a fail-safe system and can assure that the sensor readings are accurate, further sustaining the veracity of the framework devices.  Autonomous analytics is the application of machine learning to human judgement. Self-learning algorithms are a must and they are implemented to modify themselves as data grows and more decisions and actions are Based on the above, we considered the descriptive, predictive and diagnostic model for our proposed framework because these analytics models can provide a good insight about the collected data, can predict future outcomes and can advise and guide towards a solution. However, the ultimate goal is an autonomous analytics model because it's the most advanced and complex of them all, it can eliminate the human bias and self-adapt to new conditions and constrains based on learned experience.
The other elements of the fog framework, such as governance, policies, strategies and tactics can be assigned to the local administration office, as well as maintenance, management and control.
Given the above explanations, the fog framework architecture is illustrated in Figure 1 . 
Economic and social implications
The proposed framework for urban transportation network in a smart city could have the following economic and social benefits:
-reducing resources consumption (notably, fuel) and contributing to the air quality improving;
-improving the use of existent transport capacity, hence improving the quality life of citizens; -alleviating traffic congestions; -improving safety and security measures for passangers and pedestrians; -reducing the waiting time of passengers in bus stations; -making new services available online for citizens (i.e. online application for guidance on the urban transport or how best exploit the transport modalities); -creating opportunities for new business (i.e. publication of real-time data on public city services); -boosting urban innovation and attracting investments in innovation; -enabling the adoption of smart city policies on urban innovation performance and increase of the city's stock of knowledge (recognized as driver of economic growth). 
European funding sources
